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============

Angular correlations between two particles have been established as a powerful tool to study the properties of the system created in high energy collisions of hadrons and nuclei \[[@CR1]--[@CR16]\]. These measurements are usually performed in a two dimensional space as a function of $\documentclass[12pt]{minimal}
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In heavy-ion collisions at both the Relativistic Heavy Ion Collider (RHIC) \[[@CR3]--[@CR11]\] and at the Large Hadron Collider (LHC) \[[@CR12]--[@CR16]\], these correlations exhibit characteristic structures: (a) a peak at ($\documentclass[12pt]{minimal}
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                \begin{document}$$\pi $$\end{document}$ originating partially from correlations between particles from back-to-back jets and from collective effects such as anisotropic flow, and (c) a similar component at $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta \eta $$\end{document}$, usually called the near-side ridge, whose origin was subject of a theoretical debate \[[@CR17]--[@CR31]\]. Although initially the near-side ridge was also attributed to jet--medium interactions \[[@CR17]--[@CR20]\], it is now believed to be associated to the development of collective motion \[[@CR24]--[@CR31]\] and to initial state density fluctuations, including the initial state effects within the framework of the Color Glass Condensate (CGC) \[[@CR21]--[@CR23]\].

Similar structures have recently been reported in two-particle correlation analyses in smaller systems. In particular, the CMS Collaboration, by studying angular correlations between two particles in $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta \eta $$\end{document}$ \[[@CR32]\]. In the subsequent data taking periods at the LHC, similar ridge structures were observed on both the near- and the away-side in high-multiplicity p--Pb collisions at $\documentclass[12pt]{minimal}
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                \begin{document}$$=$$\end{document}$ 5.02 TeV \[[@CR33]--[@CR38]\]. The origin of these effects, appearing in small systems, is still debated theoretically. In particular, it was suggested in \[[@CR39]--[@CR41]\] that in high-multiplicity collisions the small system develops collective motion during a short hydrodynamic expansion phase. On the other hand, in \[[@CR42]--[@CR44]\] the authors suggested that the ridge structure can be understood within the CGC framework.

The ALICE Collaboration also reported a particle mass ordering in the extracted $\documentclass[12pt]{minimal}
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                \begin{document}$$\overline{{\mathrm {p}}}$$\end{document}$) in high-multiplicity p--Pb collisions \[[@CR45]\]. This mass ordering becomes evident once the correlations observed in the lowest multiplicity class are subtracted from the ones recorded in the highest multiplicity class. The ordering is less pronounced, yet still present, if this subtraction procedure is not applied. Similar mass ordering in Pb--Pb collisions \[[@CR46]\] is usually attributed to the interplay between radial and elliptic flow induced by the collective motion of the system. These observations in p--Pb collisions were reproduced by models incorporating a hydrodynamic expansion of the system \[[@CR47], [@CR48]\]. Recently, it was suggested in \[[@CR49]\] that the signatures of collective effects observed in experiments could be partially described by models that couple the hot QCD matter created in these small systems, described as an ensemble of non-interacting particles, to a late stage hadronic cascade model. More recently, the CMS Collaboration demonstrated that the effects responsible for the observed correlations in high-multiplicity p--Pb events are of multiparticle nature \[[@CR50]\]. This strengthens the picture of the development of collective effects even in these small systems.

The charge-dependent part of two-particle correlations is traditionally studied with the balance function (BF) \[[@CR51]\], described in detail in Sect. [4](#Sec5){ref-type="sec"}. Such studies have emerged as a powerful tool to probe the properties of the system created in high energy collisions. Particle production is governed by conservation laws, such as local charge conservation. The latter ensures that each charged particle is balanced by an oppositely-charged partner, created at the same location in space and time. The BF reflects the distribution of balancing charges in momentum space. It is argued to be a sensitive probe of both the time when charges are created \[[@CR51], [@CR52]\] and of the collective motion of the system \[[@CR26], [@CR53]\]. In particular, the width of the balance function is expected to be small in the case of a system consisting of particles that are created close to the end of its evolution and are affected by radial flow \[[@CR26], [@CR51]--[@CR53]\]. On the other hand, a wide balance function distribution might signal the creation of balancing charges at the first stages of the system's evolution \[[@CR26], [@CR51]--[@CR53]\] and the reduced contribution or absence of radial flow.

In this article, we extend the previous measurements \[[@CR54]\] by reporting results on the balance function in pp, p--Pb, and Pb--Pb collisions at $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{{\mathrm {T}}}$$\end{document}$) to investigate potential scaling properties and similarities or differences between the three systems. The article is organized as follows: Sect. [2](#Sec2){ref-type="sec"} briefly describes the experimental setup, while details about the data sample and the selection criteria are introduced in Sect. [3](#Sec3){ref-type="sec"}. In Sect. [4](#Sec5){ref-type="sec"}, the analysis technique and the applied corrections are illustrated. In Sect. [5](#Sec6){ref-type="sec"}, the specifics about the estimation of the systematic uncertainties are described. Section [6](#Sec7){ref-type="sec"} discusses the results followed by a detailed comparison with models to investigate the influence of different mechanisms (e.g. unrelated to hydrodynamic effects) on the balance functions. In the same section, the comparison of the results among the three systems is presented.

Experimental setup {#Sec2}
==================

ALICE \[[@CR57]\] is one of the four major detectors at the LHC. It is designed to efficiently reconstruct and identify particles in the high-particle density environment of central Pb--Pb collisions \[[@CR58], [@CR59]\]. The experiment consists of a number of central barrel detectors positioned inside a solenoidal magnet providing a 0.5 T field parallel to the beam direction, and a set of forward detectors. The central detector systems of ALICE provide full azimuthal coverage for track reconstruction within a pseudorapidity window of $\documentclass[12pt]{minimal}
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For this analysis, charged particles were reconstructed using the Time Projection Chamber (TPC) \[[@CR61]\] and the Inner Tracking System (ITS) \[[@CR57]\]. The TPC is the main tracking detector of the central barrel \[[@CR61]\], consisting of 159 pad rows grouped into 18 sectors that cover the full azimuth within $\documentclass[12pt]{minimal}
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A set of forward detectors, the V0 scintillator arrays \[[@CR62]\], were used in the trigger logic and the multiplicity determination. The V0 consists of two systems, the V0A and the V0C, positioned on both sides of the interaction point along the beam. They cover the pseudorapidity ranges $\documentclass[12pt]{minimal}
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For more details on the ALICE detector setup and its performance in the LHC run 1, see \[[@CR57], [@CR60]\].

Analysis details {#Sec3}
================

This analysis is based on data from pp, p--Pb, and Pb--Pb collisions. The data were recorded for pp collisions during the 2010 run at $\documentclass[12pt]{minimal}
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Minimum-bias p--Pb and Pb--Pb events were triggered by the coincidence between signals from the two sides of the V0 detector. For the pp run, the minimum-bias trigger definition was modified to require at least one hit in the SPD  or either of the V0 detectors. In addition, for Pb--Pb, an online selection based on the V0 detectors was used to increase the number of events with high multiplicity. An offline event selection exploiting the signal arrival time in V0A and V0C, with a 1 ns resolution, was used to discriminate background (e.g. beam-gas) from collision events. This led to a reduction of background events in the analyzed samples to a negligible fraction ($\documentclass[12pt]{minimal}
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After all the selection criteria, approximately $\documentclass[12pt]{minimal}
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Tracks are reconstructed from a collection of space points (clusters) inside the TPC. The tracking algorithm, based on the Kalman filter, provides the quality of the fit by calculating its $\documentclass[12pt]{minimal}
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To select primary tracks with high efficiency and to minimize the contribution from background tracks (i.e. secondary particles originating either from weak decays or from the interaction of particles with the detector material), all selected tracks were required to have at least 70 reconstructed space points out of the maximum of 159 possible in the TPC. In addition, the $\documentclass[12pt]{minimal}
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In order to reduce the contribution from track splitting (i.e. incorrect reconstruction of a signal produced by one track as two tracks) and merging (i.e. two nearby tracks being reconstructed as one track) in the active volume of the TPC, a selection based on the closest distance of two tracks in the TPC volume was applied when forming particle pairs. This was done by excluding pairs with a minimum pseudorapidity difference of $\documentclass[12pt]{minimal}
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Multiplicity classes in pp, p--Pb, and Pb--Pb collisions {#Sec4}
--------------------------------------------------------

The analyzed events were divided into multiplicity classes using the V0A detector. Since this detector does not provide any tracking information, the amplitude of the signal from each cell, which is proportional to the number of particles that hit a cell, was used as a proxy for multiplicity \[[@CR64]\]. The choice of the V0A as the default multiplicity estimator was driven by the fact that in p--Pb collisions[1](#Fn1){ref-type="fn"} this detector is located in the direction of the Pb--ion and thus is sensitive to its fragmentation \[[@CR64]\]. In addition, this choice allowed for reducing autocorrelation biases introduced when the multiplicity class was estimated in the same $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 0.8$$\end{document}$ was extracted. These raw spectra were corrected for detector acceptance and efficiency using Monte Carlo simulations with PYTHIA \[[@CR65]\], DPMJET \[[@CR66]\], and HIJING \[[@CR67]\] event generators for pp, p--Pb, and Pb--Pb, respectively. The ALICE detector response for these events was determined using a GEANT3 \[[@CR68]\] simulation. In addition to the reconstruction efficiency, a correction related to the contamination from secondaries originating from weak decays and from the interaction of particles with the material of the detector was applied. This correction was estimated with both the aforementioned simulations and also using a data-driven method, based on fitting the DCA distributions with templates extracted from Monte Carlo for primary particles and secondaries originating either from weak decays or from the interaction of other particles with the detector material, as described in \[[@CR69]\]. The resulting corrected charged-particle multiplicity was calculated by integrating the corrected transverse momentum spectrum over the region with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{{\mathrm {T}}} > 0.2$$\end{document}$ GeV/*c*.
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Balance function {#Sec5}
================

The charge-dependent correlations are studied using the balance function \[[@CR51]\] for pairs of charged particles with angular differences $\documentclass[12pt]{minimal}
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The associated yield per trigger particle is then calculated for different charge combinations. For one charge combination $\documentclass[12pt]{minimal}
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Systematic uncertainty {#Sec6}
======================

In all figures except Fig. [1](#Fig1){ref-type="fig"}, the data points are plotted with their statistical and systematic uncertainties indicated by error bars and open boxes around each point, respectively. The systematic uncertainty was obtained by varying the event, track, and pair selection criteria, as will be explained in the following paragraphs. The contribution of each source was calculated as the spread of the values of each data point, extracted from variations of the selection criteria. If statistically significant, each contribution was added in quadrature to obtain the final systematic uncertainty. Following this procedure, the resulting maximum values of the systematic uncertainty over all multiplicity classes and systems for the balance function projections in $\documentclass[12pt]{minimal}
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The Pb--Pb data samples were analyzed separately for two magnetic field configurations. The difference of $\documentclass[12pt]{minimal}
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In addition, several of the track quality criteria defined by the tracking algorithm described in Sect. [3](#Sec3){ref-type="sec"} were varied. The uncertainty related to the electron rejection criterium was studied by varying the requirement on the expected Bethe--Bloch parameterization of the momentum dependence of $\documentclass[12pt]{minimal}
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The resulting values for the systematics are summarized in Table [2](#Tab2){ref-type="table"}, for all systems. The table provides the maximum value for every source over all multiplicity classes and transverse momentum ranges.Table 2The maximum value of the systematic uncertainties on the width of the balance function over all multiplicity classes for each of the sources studied for the pp, p--Pb and Pb--Pb systemsCategorySystematic uncertainty (max. value)pp (%)p--Pb (%)Pb--Pb (%)Magnetic field----1.5LHC periods1.1$\documentclass[12pt]{minimal}
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Finally, different multiplicity estimators were used to study the variations coming from the multiplicity class definition. There was no systematic uncertainty assigned for this contribution. The results obtained with the two forward detectors (e.g. V0A and V0C) show no significant difference. On the other hand, a slightly weaker narrowing of the balance function with increasing multiplicity is observed when the central barrel detector is used for both measuring the correlations and the multiplicity class definition, in the pp and p--Pb systems. These differences are coming from physics processes (e.g. back-to-back jets), whose contribution is reduced if one defines multiplicity classes using a detector located further away from mid-rapidity. This also justifies the reason why the V0A detector was chosen as the multiplicity estimator in this analysis.

Results {#Sec7}
=======

Balance function in the low transverse momentum region {#Sec8}
------------------------------------------------------

Figure [1](#Fig1){ref-type="fig"} presents the balance function for charged particles in $\documentclass[12pt]{minimal}
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The integral of the balance function over the acceptance is related to measures of charge fluctuations as argued in \[[@CR52]\], and is between 0.25 and 0.35 (i.e. 0.5 and 0.7 in case the $\documentclass[12pt]{minimal}
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### Balance function projections {#Sec9}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \eta $$\end{document}$ on the near-side exhibits a strong multiplicity dependence for all collision systems. In particular, the distribution narrows and the peak value becomes larger for high- compared to low-multiplicity events. As a function of the relative azimuthal angle $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \varphi $$\end{document}$ on the near-side, the balance function exhibits the same qualitative features as for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \eta $$\end{document}$, i.e. narrower distributions with larger magnitude for increasing event multiplicity in all three systems. However, the magnitude of the balance function on the away-side exhibits a different trend, with larger values of B($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \eta $$\end{document}$) and B($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \varphi $$\end{document}$) measured for low- compared to high-multiplicity events.

As already discussed in Sect. [3](#Sec3){ref-type="sec"}, in p--Pb collisions, the nucleon--nucleon centre-of-mass system shifts by a rapidity of $\documentclass[12pt]{minimal}
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                \begin{document}$$-$$\end{document}$0.465 with respect to the ALICE laboratory system in the direction of the proton beam. The influence of this shift was studied with simulations and, although the balance function is not translationally-invariant, the shift does not lead to any significant difference in either the projections of the balance function or the extracted widths.

As indicated previously, starting from mid-central events in Pb--Pb collisions a distinct depletion is observed in the two-dimensional distribution around $\documentclass[12pt]{minimal}
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### Comparison with models {#Sec10}

In Fig. [3](#Fig3){ref-type="fig"}a, d, g the balance function in $\documentclass[12pt]{minimal}
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The comparison of the experimental results for the 0--10 $\documentclass[12pt]{minimal}
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                \begin{document}$$\%$$\end{document}$ multiplicity class in p--Pb collisions with model predictions is presented in Fig. [3](#Fig3){ref-type="fig"}b, e, h. For this comparison, results from Monte Carlo calculations using the DPMJET \[[@CR66]\] and AMPT \[[@CR78], [@CR79]\] event generators were used. DPMJET is a model based on independent pp collisions, describing hard processes, hadron--hadron interactions, and hadronic interactions involving photons, without any collective effects. This model fails to describe the experimental data points in either of the two projections in $\documentclass[12pt]{minimal}
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For pp collisions, the experimental results are compared with two variants of calculations using PYTHIA8 tune 4C \[[@CR82]\] in Fig. [3](#Fig3){ref-type="fig"}c, f, i. This tune contains modified multi-parton interaction (MPI) parameters that allow it to describe the multiplicity dependence of $\documentclass[12pt]{minimal}
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As discussed in the previous paragraphs, there are models that exhibit a correlation peak on the away-side contrary to what is supported by the data. For this reason, the width of the balance function distribution in $\documentclass[12pt]{minimal}
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### Balance function width {#Sec11}

To quantify the narrowing of the balance function width as a function of multiplicity, the standard deviation $\documentclass[12pt]{minimal}
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The panels (b), (d), and (f) of Fig. [4](#Fig4){ref-type="fig"} show the relative decrease of $\documentclass[12pt]{minimal}
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The experimental results for pp collisions are compared with model predictions in Fig. [4](#Fig4){ref-type="fig"}e. PYTHIA8 without color reconnection, represented by the solid line, fails to describe the significant narrowing of the balance function with increasing multiplicity. The values of $\documentclass[12pt]{minimal}
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Figure [5](#Fig5){ref-type="fig"} presents the multiplicity dependence of $\documentclass[12pt]{minimal}
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The multiplicity dependence of the width in $\documentclass[12pt]{minimal}
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The measurements in p--Pb collisions are compared with the results from DPMJET and AMPT in Fig. [5](#Fig5){ref-type="fig"}c. Neither DPMJET, which does not exhibit a significant dependence on the event multiplicity, nor AMPT, which exhibits a relative decrease of around $\documentclass[12pt]{minimal}
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The comparison between the data and the corresponding expectations from models like PYTHIA, illustrates the potentially significant role of color reconnection on charge-dependent correlations for small systems such as pp collisions. The effect of color reconnection in PYTHIA8 is strongly connected to MPIs, whose number increases with increasing multiplicity. In high-multiplicity pp events, MPIs lead to many color strings that will overlap in physical space. Within PYTHIA8 approach, these strings are given a probability to be reconnected and hence hadronize not independently, but rather in a process that resembles collective final-state effects. This process results in a transverse boost of the fragments that leads to the development of final-state correlations between charged particles in a similar way as a collective radial boost does.

Balance function at high transverse momentum {#Sec12}
--------------------------------------------

In order to study if the narrowing of the balance function is restricted to the bulk particle production at low $\documentclass[12pt]{minimal}
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The charge-dependent correlations exhibit little if any multiplicity dependence, in contrast to the findings from the lower transverse momentum region. In addition, the distributions in the intermediate and high-$\documentclass[12pt]{minimal}
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Comparison between the three systems {#Sec13}
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Fig. 11The width of the balance function in $\documentclass[12pt]{minimal}
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A comparison of the widths of the balance function in pp, p--Pb, and Pb--Pb as a function of particle multiplicity can provide direct information about differences and similarities between these systems in e.g. particle production mechanisms. It is important to note though, that this is performed for different center-of-mass energies which could complicate the comparison.

Figure [11](#Fig11){ref-type="fig"} presents the charged-particle multiplicity dependence of the width of the balance function in $\documentclass[12pt]{minimal}
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With increasing values of transverse momentum, the balance functions become narrower and exhibit no significant multiplicity dependence for all systems, as discussed previously. The origin of these correlations at these transverse momentum ranges could be connected to initial hard parton scattering and subsequent fragmentation. The agreement of the values of both $\documentclass[12pt]{minimal}
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The narrowing of the balance function in both $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \eta $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \varphi $$\end{document}$ is a distinct characteristic of the low transverse momentum region. Figure [12](#Fig12){ref-type="fig"} visually illustrates the relative decrease of the different systems in this region. It is interesting that the relative decrease in this representation is similar between the two small systems (around 7 and 10.5 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\%$$\end{document}$ in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \eta $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \varphi $$\end{document}$, respectively) while different for Pb--Pb. The results from the analysis of Pb--Pb collisions illustrate a significantly larger relative decrease of 21.2 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\%$$\end{document}$ in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \eta $$\end{document}$ (26.5 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\%$$\end{document}$ for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \varphi $$\end{document}$). A direct comparison of the width at the same multiplicity class can not be done because, for the same class, the physics conditions are quite different for pp, p--Pb, and Pb--Pb collisions. However, the comparison of the relative decrease and the agreement of the results in both $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \eta $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \varphi $$\end{document}$ between the two small systems could indicate that they share a similar mechanism which is responsible for the decrease of the width with increasing multiplicity.

Summary {#Sec14}
=======

This article reports the first measurements of the balance function for charged particles in pp, p--Pb, and Pb--Pb collisions at the LHC measured with the ALICE detector. For all three systems, the balance function in both relative pseudorapidity ($\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{{\mathrm {T}}}$$\end{document}$ region. Models incorporating collective effects, such as AMPT, reproduce the narrowing of the experimental points qualitatively in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \varphi $$\end{document}$, but fail to reproduce the dependence in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \eta $$\end{document}$. On the other hand, models based on independent pp collisions such as DPMJET and HIJING do not show any narrowing in p--Pb and Pb--Pb. The comparison of the results in pp collisions with different PYTHIA8 tunes indicates the importance of MPIs and of the color reconnection mechanism, whose inclusion within this model allows for a qualitative description of the experimentally measured narrowing with increasing multiplicity at low values of transverse momentum.

Note that ALICE also recorded Pb--p collisions but this sample was smaller than the one analysed and reported in this article.
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